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Abstract
Among the 13 Mico species recognized by the IUCN Red List of Threatened Species, six are listed as “Data Deficient”. The 
geographic range of most of the Mico species has been estimated from only a few records. We report new localities and the 
geographic extension of Mico chrysoleucos. In addition, we confirmed the presence of the species in two distinct protected 
areas. We modeled the habitat suitability of M. chrysoleucos using the maximum entropy method and including new records 
obtained by the authors in the state of Amazonas, Brazil. From the total area of occurrence calculated for the species, 22.8% 
is covered by protected areas and indigenous lands. The annual mean deforestation rate estimated between 2000 and 2015 
was 2.95%, and the total area deforested by 2015 was 3354 km2 or 8.6% of the total distribution limits of the species. The 
habitat lost between 2000 and 2015 was 3.2% (1131 km2) of the total potential distribution, while the habitat loss area legally 
protected was 31 km2, and the habitat loss in settlements was equal to 691 km2. Our results extend the geographic distribu-
tion of the species about 100 km farther south, with the Maracanã River being a possible geographic barrier for the species. 
The significantly low rate of habitat loss inside protected areas and indigenous land, when compared to unprotected areas, 
points out the importance of these areas to M. chrysoleucos conservation. The species is relatively wide-ranging, legally 
protected, and resilient to regional anthropic threats. However, the hydroelectric schemes and the improvement of the road 
system in southern Amazonia pose an imminent threat to the species.
Keywords Amazonian marmosets · Habitat loss · Maximum entropy modeling · Protected areas · Southern Amazonia · 
Species conservation
Introduction
The Amazon marmosets of the genus Mico Lesson, 1840, 
are among the most poorly known Neotropical Primates. 
Among the 13 species assessed by the IUCN Red List of 
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Threatened Species (year published: 2015), six are catego-
rized as Data Deficient. The genus is known to occur in the 
Madeira–Tocantins interfluve; however, information on the 
occurrence and distribution of these primates are limited to 
few records (Ferrari 1993; Silva and Noronha 1995; Noronha 
et al. 2007; Fialho 2010; Garbino 2011; Silva et al. 2013). 
The frequent use of secondary growth forest (capoeiras) and 
the use of other forest types (e.g., Igapó) to explore some spe-
cific resources at certain periods of the year have already been 
reported for the genus Mico (Rylands 1986; Veracini 2009). 
Comprehensive information on marmoset populations is cur-
rently restricted exclusively to M. argentatus (Gonçalves et al. 
2003) and M. marcai (Silva et al., manuscript accepted, “The 
Roosevelt–Rondon Expedition Marmoset (Mico marcai): 
Unveiling a Data-Deficient Species”), underlining the need 
for a better assessment of the current conservation status of 
most Mico species.
The golden-white tassel-ear marmoset Mico chrysoleucos 
(Wagner, 1842) was categorized as Vulnerable in 1994 in the 
IUCN Red List, but its category changed to Data Deficient in 
2003 because of the lack of information on the limits of its 
distribution range, population status, and threats (Rylands and 
Silva-Júnior 2015). The species occurs in the Brazilian state 
of Amazonas, east of the lower Madeira River (Hershkovitz 
1977; Rylands et al. 2009). Until recently, there were no pro-
tected areas (hereafter, PAs) encompassing the known geo-
graphic range of the species, raising additional concerns about 
the species’ conservation status.
The Madeira River has been identified as one of the top 
conservation priority areas of the Amazon Biome (Mesquita 
et al. 2007; Rapp Py-Daniel 2007). The high mammal diversity 
found in recent inventories, and the scarcity of published stud-
ies on the region’s biodiversity, highlight the need for a more 
comprehensive assessment of the taxonomy, ecology, bioge-
ography, distribution, and abundance of the fauna occurring 
in this area. For example, Röhe (2007) recorded 20 primate 
species in three interfluves in the Madeira River basin: Purus-
Madeira, Madeira-Aripuanã e Aripuanã-Acari.
Here we report a multiyear survey of M. chrysoleucos in 
the southern part of the Brazilian Amazon, in order to better 
understand the extent of the species’ geographical range and its 
current conservation status, more specifically, its occurrence 
inside the existing PAs. We modeled the M. chrysoleucos dis-
tribution to estimate the area of occurrence and the habitat 
loss in that region. Based on this dataset, we contributed to the 
assessment of its conservation status according to the criteria 
of the IUCN Red List.
Methods
The study area, estimated at 3919 km2, is located in the mid-
dle Madeira River, central Amazonia, Brazil. The climate 
is tropical, with a short dry season, mean annual tempera-
ture of 28 °C, and mean annual precipitation of 2500 to 
3000 mm/year (Hayakawa and Rossetti 2015). The vegeta-
tion is mostly comprised of upland unflooded forest (terra 
firme), seasonally flooded forests (várzea), and by patches 
of campinaranas—a dense low canopy forest grown over 
weathered sandy soils and dominated by palms, shrubs, and 
lichens (Anderson 1981).
Primate survey
We used rapid survey methods for mammal inventories 
(Fonseca 2001; Young et al. 2003) totaling 44 days of a 
multiyear survey. Surveys were conducted on land using 
existing trails and roads, and on board of small boats along 
the rivers’ edges searching for the species presence (National 
Research Council 1981).
Two surveys were conducted during the dry season (Sep-
tember 2004, 2010) and three were done during the wet sea-
son (March 2007 and January 2012, 2013). In September 
2004, FR conducted surveys in the newly created Juma Sus-
tainable Development Reserve as part of a faunal survey 
in the middle Madeira River (Röhe 2007). During 9 days, 
the region between the Aripuanã and Acari Rivers was sur-
veyed. In March 2007, a 15-day survey was carried out by 
WE in the Aripuanã Sustainable Development Reserve. Sev-
eral brief surveys in the flooded and unflooded forest were 
conducted on both banks of the Aripuanã River, but with a 
higher survey effort allocated to the right bank. In September 
2010, on the lower course of the Madeira River, near the city 
of Autazes and close to its confluence with the Amazonas 
River, RS carried out a 10-day mammal survey along both 
sides of the river. The sites included flooded and unflooded 
forests. During January 2012 and 2013, FES carried out a 
primate survey on the middle course of the Aripuanã River, 
close to the confluence of the Roosevelt and Aripuanã Riv-
ers, surveying in both banks and using a playback of Mico 
sp. long call to locate the marmosets.
Species distribution modeling
We georeferenced all sightings using Global Position Sys-
tem (GPS) devices. The presence records obtained in the 
field were posteriorly complemented with data found in 
the literature (Hershkovitz 1977; Silva and Noronha 1995). 
We estimated the species habitat suitability using the maxi-
mum entropy algorithm with MaxEnt (Phillips et al. 2004, 
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2006) and its potential distribution using the lowest presence 
threshold approach (LPT) choosing the lowest predicted 
value associated with any one of the observed presence 
records across the landscape (Pearson et al. 2007).
In other words, in all pixels above LPT value, the species 
was considered as being present. We select the model input 
points removing duplicate presence records in the same pixel 
using at final 21 occurrence points in the modeling process, 
the minimum distance between the remaining occurrence 
points is 1.6 km. We choose the model with lower overfitting 
based on AUC difference between Training AUC and Test 
AUC (see also supplemental material).
We calculated the deforestation rate for the distribution 
limits proposed here using deforested areas identified by 
PRODES—Satellite Monitoring Project of the Brazilian 
Amazon Rainforest (PRODES 2014) from 2000 to 2015. 
To estimate the habitat loss, we removed the deforested areas 
from 2000 to 2015 from the potential distribution map and 
calculated the habitat loss rate in this period. We constructed 
the models using R software (R Core Team 2015) with the 
dismo package (Hijmans et al. 2016).
We also calculated total habitat loss to date within our 
newly calculated M. chrysoleucos’ range and used previous 
predictive deforestation models (Soares-Filho et al. 2006) to 
assess how much of the species range will be lost by 2036 (in 
18 years). This period represents the three-generation time 
estimated for Mico (Mittermeier and Rylands 2008; Nishi-
jima et al. 2012), according to the IUCN criteria for the first 
level of a threat category, Vulnerable (VU) (IUCN 2012). 
For the predicted forest loss construction of our predictive 
models of habitat loss, we considered two scenarios (after 
Soares-Filho et al. 2006):
1. “Governance” scenario, i.e., assuming (1) current defor-
estation trends, but with a 50% cap in forest loss due to 
current laws that prohibit farmers to clear more than 
50% of forest in their properties, and (2) that existing 
and proposed protected areas are effectively managed.
2. “Business-as-usual” scenario, i.e., considering current 
deforestation trends across the Amazon basin plus the 
effect of infrastructure development and low manage-
ment effectiveness of protected areas.
Results
We obtained 14 records of M. chrysoleucos (Fig. 1, Fig. S1, 
Table S1). The species occurs on the north bank of the Par-
aná do Urariá, but the northern limit is not well known, and 
probably extends to Paraná Ramos—a small channel on the 
right bank of Amazon River. Our records on the Maracanã 
River extends the species distribution 100 km farther south 
(Fig. S1).
In the Aripuanã Reserve, individuals were observed at the 
interface of unflooded and flooded forests. At Juma Sustain-
able Development Reserve and at the Roosevelt–Aripuanã 
confluence, the species was detected exclusively in second-
ary forests. Mico responded promptly to playback record-
ings on two occasions. We recorded the species at the same 
places were troops of white-nosed bearded sakis (Chiropotes 
albinasus) and tufted capuchins (Sapajus apella) were forag-
ing on two distinct occasions.
The annual deforestation rate between 2000 and 2015 
was 2.95%. The accumulated deforestation area up to 2015 
within the species range proposed was 3354 km2, corre-
sponding to 8.6% from the area of geographic distribution 
limits.
The model that we fitted with the parameters selected 
using ENMeval package (Muscarella et al. 2014) provided 
a good predictability (mean AUC DIFF = 0.153 and the 
AIC = 568.92, Fig. S3). The LPT value found was 35.3%. 
The species potential distribution covers 37,151 km2 cor-
responding to 95% of the species range proposed without 
deforestation. Considering the deforestation by 2000, this 
area is equal to 94% and changed to 91% in 2015. PAs and 
Indigenous Lands (hereafter, ILs) covered 22.7% of the 
area predicted for the species distribution (Table 1). Finally, 
according to the distribution model, we expect the species 
occurrence to include four other PAs and two ILs (Fig. 1), 
totaling an area of 7798  km2 inside areas legally protected. 
The habitat loss of 2000 to 2015 was 3.2% of the total poten-
tial distribution (1131 km2). The habitat loss area legally 
protected was 31 km2 (Table 1), and in settlements was 
equal to 691 km2. In our analysis considering the predictive 
deforestation models by Soares-Filho et al. (2006), the spe-
cies’ future habitat loss in the next 18 years will amount to 
14,254 km2 (38.3%) under the Governance scenario, and to 
20,337 km2 (54.6%) under the Business as Usual scenario.
Discussion
The extension of the geographic range of M. chrysoleucos 
farther south, the first confirmation of the species occurrence 
inside two distinct PAs, and the potential inclusion of the 
species occurrence in four other PAs and two more ILs have 
important implications for the assessment of its conservation 
status. A basic measure of the effectiveness of a PA is how 
well its forest cover has been preserved (Barber et al. 2012). 
Based on this assumption, the low percentage of habitat loss 
occurring inside the PAs and ILs suggests that these areas 
are properly safeguarding the M. chrysoleucos populations 
occurring within their borders (Table 1).
Our records of M. chrysoleucos at the interface of 
flooded and unflooded forests suggest a tolerance for the 
seasonal disruption of certain food supplies. However, 
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members of the Callithrichinae family are not consid-
ered to be adapted to large tracts of flooded forest that 
are far removed from terra firme forests and subjected to 
an annual flood pulse (Haugaasen and Peres 2009). The 
records of M. chrysoleucos in secondary forests suggest a 
similarity of its ecology with other Amazonian marmosets, 
frequently found in this type of habitat (Rylands 1986; 
Ferrari 1992; Veracini 2009).
The apparent resilience of the species to anthropogenic 
habitat disturbance and the lack of major threats identified 
for M. chrysoleucos were the arguments used to support the 
species categorization as “Least Concern” in the Brazilian 
workshop for the Assessment of the Extinction Risk of Bra-
zilian Primates. Our data partially support this category if 
we consider the following key factors: broad distribution 
(> 20,000 km2, against the criteria B1 for “Vulnerable”); 
more than 20% of the area predicted for the species distri-
bution legally protected and with low rates of deforestation; 
and the accumulated deforestation up to 2015 below the 10% 
of the area predicted for the species occurrence. However, 
under a ‘Business as Usual’ scenario, our predictive model 
projected a total loss of 54.6% of the species total range by 
2036, in accordance with the criterion A3c for Vulnerable 
(IUCN 2012), shedding light on its long-term conservation. 
The hydroelectric schemes and the improvement of the road 
system are two imminent threats that represent a high degree 
of uncertainty to this marmoset, therefore recommending 
caution to place M. chrysoleucos as “Least Concern”. For 
example, two reservoirs planned in the Aripuanã River will 
Fig. 1  Habitat suitability, defor-
ested lands, and protected areas 
for Mico chrysoleucos 
Table 1  Area predicted considering deforestation by 2015 and the 
habitat lost between 2000 and 2015 for M. chrysoleucos 
Parameter Area  km2 (%)
Predicted with deforestation Lost
2000 2015
Total area 34,949 (100.0) 33,818 (96.8) 1131 (3.2)
Protected areas 3898 (11.2) 3871 (10.5) 28 (0.7)
Indigenous lands 3930 (11.2) 3927 (11.1) 3 (0.1)
Settlement 9507 (29.9) 8833 (23.3) 691 (6.6)
Nonprotected 17,614 (47.7) 17,187 (45.3) 409 (2.4)
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flood an area of 682.30 km2 (ANEEL 2012) and will affect 
PAs and ILs (Silva et al. 2013), the key factor for protection 
against habitat loss.
The implementation of hydroelectric schemes is closely 
related to the road network expansion, as reported for Bal-
bina Dam and the BR-174 highway (Fearnside 1989, 2015). 
This association is a powerful driver of land use and cover 
change, resulting in large deforested areas and in habitat 
loss for forest species (Laurance et al. 2002; Soares-Filho 
et al. 2004, 2005; Fearnside 2005; Fearnside et al. 2009; 
Fearnside 2007; Fearnside et al. 2009; Graça et al. 2014; 
Barni et al. 2015; Santos Junior et al. 2015). Indeed, 94.9% 
of all deforestation in the Brazilian Amazon has occurred in 
a well-defined accessible zone within 5.5 km of some type 
of roadway (Barber et al. 2014). In this scenario, the PAs 
are essential in mitigating the deforestation risk, as shown 
elsewhere (Barber et al. 2012, 2014).
The Brazilian System of PAs includes two broad catego-
ries of protection (Rylands and Brandon 2005; Walker et al. 
2009): Strictly PAs and PAs with Sustainable Use of Natural 
Resources. The first category primarily aims to conserve 
biodiversity and is not open to renewable natural resource 
extraction. The latter category aims to conciliate main-
tainable levels of land use and natural resource extraction 
with biodiversity conservation. ILs in Brazil are under the 
jurisdiction of the Brazilian Indian Foundation (Fundação 
Nacional do Índio), but they are not assigned to an IUCN PA 
category. The two PAs where we recorded M. chrysoleucos 
were created recently: Aripuanã Sustainable Development 
Reserve and Juma Sustainable Development Reserve. The 
first was created in 2005 and is one of the eight contiguous 
PAs forming a single 2,600,000-ha triangular area known 
as the Apuí Mosaic. The area was originally proposed to 
block the expansion of deforestation on the southern edge of 
the Brazilian Amazon forest, which suffers from a dramatic 
rate of habitat destruction (Nepstad et al. 2001; Fearnside 
2005). The Aripuanã Reserve is also known to fall within 
the range of Mico intermedius and, possibly, Mico melanu-
rus, indicating the importance of this area for the conserva-
tion of Amazonian marmosets. The second, Juma Reserve, 
was created in 2006 and represents the greatest portion of 
the species distribution already encompassed by the exist-
ing PAs. Recent surveys confirm the presence of two other 
marmosets inside this reserve: Mico marcai and Callibella 
humilis (Röhe 2007). This 590,000-ha area of PA was cre-
ated to restrain the advance of deforestation along the road 
AM–174, which connects the Apuí and Novo Aripuanã cit-
ies throughout the M. chrysoleucos distribution.
Areas composed of reserves with multiple levels of use 
restriction are expected to better conserve source areas while 
allowing local rural populations to remain in the local and 
to exploit the natural resources found locally. The set of PAs 
known as the “Apuí Mosaic” consists of areas with different 
management purposes: strictly PAs (such as National Parks), 
and PAs that conserve ecosystems associated with cultural 
values and traditional natural resource management systems. 
Following this strategy, we expect the set of PAs in the south 
of Amazon State to preserve a great number of distinct for-
est types and thereby to assist in the conservation of Ama-
zon marmosets occurring within this range. In addition, to 
understand how the infrastructure projects affect the conser-
vation status of M. chrysoleucos, the next step for a broad 
assessment is the data collection of population parameters. 
There are no population data to include in its conservation 
assessment following the IUCN criteria (Rodrigues et al. 
2006; Mace et al. 2008). The assessment of M. chrysoleu-
cos should be reviewed carefully given the expected rate of 
change in the landscape in the next few years.
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